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SITES	 VARIABLE	 SPEARMAN	coefficient	 2-tailed	SIGNIFICANCE	





Kalymnos	 Sand	 -0.478	 0.028	
































1	 0.373	 0.139	 0.177	 8.85	 0.139	 6.451	 1	






t	 Sig	B	 Std.	Error	 Beta	
1	(Constant)	 2.457	 4.304	 		 0.571	 0.571	
Silt	 0.256	 0.101	 0.373	 2.540	 0.015	
2	(Constant)	 -7.120	 5.992	 		
-
1.188	 0.242	
Silt	 0.320	 0.101	 0.465	 3.179	 0.003	

















1	 0.623	 0.388	 0.356	 5.19	 0.388	 12.070	 1	










t	 Sig	B	 Std.	Error	 Beta	
1	(Constant)	 9.953	 1.222	 		 8.144	 0.000	
Gravel	 1.002	 0.288	 0.623	 3.474	 0.003	
2	(Constant)	 1.499	 3.432	 		 0.437	 0.668	
Gravel	 0.749	 0.271	 0.466	 2.766	 0.013	





















t	 Sig	B	 Std.	Error	 Beta	
1	(Constant)	 -0.521	 5.870	 		
-
0.089	 0.93	
Silt	 0.365	 0.132	 0.545	 2.758	 0.013	
Table	8	–	Kalymnos	Regression	Coefficients	
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V	
DISCUSSION	
Statistical	analysis	demonstrates	what	observation	suggests,	that	the	two	study	
areas	are	significantly	different	from	each	other	in	nearly	every	measured	parameter.		In	
addition,	analysis	reveals	that	soil	texture	plays	a	significant	role	in	the	location	of	
ephemeral	flow	concentration.		The	thick	organic	epipedon	soils	of	the	Salmon-
Huckleberry	Wilderness	are	the	result	of	dense	coniferous	vegetation,	which	is	slow	to	
decompose,	and	a	low	intensity	precipitation	regime	combined	with	a	relatively	cool	
climate.		Kalymnos	soils’	finer	texture	is	due	to	a	combination	of	factors.		One	factor	is	
the	limestone	parent	material,	which	dissolves	through	carbonation	creating	pockets	
that	can	protect	silt	and	clay	from	wind	and	water	erosion.		A	second	is	the	proximity	of	
Kalymnos	to	Turkey	and	North	Africa,	which	makes	it	possible	for	some	of	the	fine	soil	
particles	to	have	a	provenance	as	aeolian	deposits	from	these	regions.		Most	
importantly,	the	fine	texture	of	Kalymnian	soils	indicates	that	the	landscape	is	
geomorphically	older	and	more	weathered	than	the	Salmon-Huckleberry	Wilderness	
(Schaetzl	and	Thompson	2015).		
When	assessing	the	relationships	demonstrated	via	statistical	analysis,	some	
broad	patterns	emerge.		As	the	percent	of	sand,	silt,	or	clay	increases	one	or	both	of	the	
others	must	decrease,	as	the	sum	must	always	equal	100	percent	(Schaetzl	and	
Thompson	2015).		Thus,	one	of	the	three	is	always	negatively	correlated	with	the	others.		
Furthermore,	the	greater	the	percentage	of	clay	and	silt	the	less	permeable	the	soil	
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becomes.		Conversely,	the	greater	the	sand	content	the	more	permeable	the	soil.		
Greater	gravel	percentages	also	equate	to	greater	permeability.		Put	another	way,	the	
finer	the	soil	texture,	the	less	permeable	it	becomes.		In	fact,	soils	high	in	clay	have	a	
very	low	infiltration	capacity	and	thus	can	be	highly	impervious	(Dunne	and	Leopold	
1978).	
	 Connecting	what	is	known	of	soil	properties	to	study	results,	it	is	clear	that	the	
more	impermeable	the	surface,	the	greater	is	the	distance	from	the	drainage	divide	to	
the	point	of	ephemeral	flow	concentration.		On	Kalymnos,	this	is	seen	in	the	positive	
regression	relationships	with	silt	percent.		The	greater	the	silt	content,	the	greater	the	
required	distance,	which	is	simply	another	way	of	stating	that	the	less	pervious	the	soil	
matrix,	the	longer	it	takes	for	ephemeral	flow	to	concentrate.		Examining	these	results	
in	light	of	flow	type,	it	becomes	clear	that,	in	the	weathering	limited	environment	of	
Kalymnos,	the	highly	impervious	nature	of	bedrock	in	conjunction	with	the	fine	soil	
texture	results	in	ephemeral	overland	flow	being	Hortonian	in	nature,	regardless	of	
slope.		This	finding	is	consistent	with	Knighton’s	(1998)	observation	that	the	conditions	
required	for	Hortonian	overland	flow	are	“most	often	achieved	in	semi-arid	to	arid	areas	
with	sparse	vegetation	and	thin	soils”	(68).		
Unpacking	the	results	of	the	study	for	the	Salmon-Huckleberry	Wilderness	is	a	bit	
more	complex.		However,	they	are	more	easily	understood	when	considering	flow	type	
(Figure	1).		Given	the	thick	soil	matrix	of	this	transport	limited	study	area,	it	is	clear	that	
the	conditions	for	Hortonian	overland	flow	are	less	likely	to	be	met	and	that	saturated	
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overland	flow	will	dominate.			A	component	of	saturated	overland	flow	that	is	critical	to	
understanding	the	regression	results	for	the	Salmon	Huckleberry	Wilderness	is	return	
flow	(Figure	1,	point	3).		Return	flow	is	the	portion	of	saturated	overland	flow	that	
results	from	water	in	the	saturated	soil	matrix,	which	is	being	pulled	downslope	toward	
more	saturated	soil	via	gravity,	to	be	forced	back	to	the	surface	(Knighton	1998).						
Regression	results	for	the	Salmon-Huckleberry	Wilderness	have	both	gravel	and	
slope	positively	contributing	to	the	distance	from	the	drainage	divide	at	which	
ephemeral	flow	concentrates.		At	first	examination	this	may	seem	totally	at	odds	with	
the	findings	from	Kalymnos.		As	permeability	increases,	so	does	the	distance	from	the	
drainage	divide,	which	alone	is	the	opposite	of	Kalymnos.		Yet,	saturated	overland	flow	
dynamics	explain	this	result.		With	increased	permeability	there	is	more	water	in	the	soil	
matrix,	which	leads	to	a	smaller	amount	of	water	moving	overland	than	would	if	the	soil	
were	relatively	more	impermeable.			Conversely,	decreased	permeability	results	in	more	
water	moving	overland,	which	we	know	from	our	Kalymnos	results	and	knowledge	of	
Hortonian	overland	flow	leads	to	ephemeral	flow	concentrating	further	from	the	
drainage	divide.		However,	permeability	alone	is	not	responsible	for	the	location	of	
ephemeral	flow	concentration	in	this	transport	limited	environment.			
Slope	is	working	in	conjunction	with	permeability	in	the	Salmon-Huckleberry	
Wilderness	to	determine	the	location	of	ephemeral	flow	concentration.		On	steeper	
slopes,	less	water	infiltrates	and	thus	less	water	is	available	to	ultimately	become	return	
flow.		At	the	same	time,	as	slope	increases	more	water	that	has	infiltrated	into	the	soil	
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matrix	is	forced	to	the	surface	as	return	flow	due	to	higher	hydraulic	loading	with	
increased	rates	of	hydraulic	conductivity.		These	two	facets	of	saturated	overland	flow	
explain	why	as	slope	increases	so	too	does	the	distance	required	for	ephemeral	flow	to	
concentrate.		Furthermore,	this	finding	is	in	line	with	existing	knowledge	regarding	
saturated	overland	flow’s	greater	dependency	on	topography	(Knighton	1998).	
Further	evidence	of	the	regional	nature	of	ephemeral	flow	locations	and	flow	
type	can	be	seen	in	the	regression	results	for	all	the	sites	together.			The	regression	
includes	silt,	as	on	Kalymnos,	and	slope,	as	in	the	Salmon-Huckleberry	Wilderness.		Thus,	
it	is	clear	locations	of	ephemeral	flow	are	not	determined	by	a	single	universal	
relationship.		Rather	regional	factors,	particularly	with	respect	to	overland	flow	type,	as	
influenced	by	whether	a	landscape	is	weathering	or	transport	limited,	are	key.	
Based	on	R2	values,	it	is	clear	that	none	of	the	regressions	fully	explain	the	
location	of	ephemeral	flow	concentration.		Sediment	quantity	likely	accounts	for	some	
of	the	variation	statistically	unaccounted	for	by	these	results.		Field	observations	and	
the	findings	detailed	above	make	it	clear	that	the	Salmon-Huckleberry	Wilderness	
represents	a	transport	limited	environment,	while	Kalymnos	represents	a	weathering	
limited	one.		In	addition,	the	differences	in	findings	per	study	area	are	consistent	with	
Knighton’s	(1998)	postulation	that	regardless	of	climate,	soil	properties	are	directly	
linked	to	the	occurrence	of	Hortonian	overland	flow.	 	
In	spite	of	these	nuances,	regardless	of	soil	composition,	in	a	weathering	limited	
environment,	Hortonian	flow	will	dominate	the	overland	flow	regime.		Transport	limited	
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environments,	given	their	more	extensive	soil	mantle,	will	have	greater	saturated	
overland	flow.		Furthermore,	this	insight	helps	explain	contradictory	slope	relationships	
found	in	previous	studies	(Henkle	et	al.	2011,	Imaizumi	et	al.	2010,	Jaeger	et	al.	2007,	
Julian	et	al.	2012).		This	study	reveals	that	slope	is	more	influential	in	transport	limited	
environments	with	corresponding	saturated	overland	flow	dominant	overland	flow	
regimes.		While	in	weathering	limited	environments	slope	appears	to	have	a	lesser	
impact.		In	1980,	Abrahams	foreshadowed	these	results	when	he	claimed	that	“it	is	
hardly	surprising	that	different	researchers	in	different	environments	have	obtained	
different	results,	and	sometimes	reached	opposite	conclusions	regarding	the	role	of	
ground	slope,”	because	“the	geomorphic	processes	controlling	channel	initiation”	vary	
(93).	
	 As	climate	change	continues	to	produce	shorter	duration,	higher	intensity	
precipitation	events	in	many	locations,	as	well	as	decreasing	snow	packs	(Chang	et	al.	
2010),	areas	of	concentrated	ephemeral	flow	are	likely	to	play	an	increasingly	significant	
role	in	water	resource	management.		These	areas	will	likely	have	greater	flow	with	
greater	frequency	and	serve	as	sources	of	increased	sedimentation	as	this	higher	
velocity	flow	is	able	to	move	litter	and	soil	that	was	previously	unable	to	be	moved	by	
ephemeral	flow.		Furthermore,	as	erosion	increases,	these	ephemeral	channels	will	
begin	to	incise.		Although	individual	channels	may	show	only	slight	change,	the	sum	of	
increased	erosion	in	all	these	headwater	systems,	which	can	occupy	over	70%	of	the	
landscape	(Lafrenz	2005),	can	collectively	manifest	large	downstream	effects.		In	so	
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doing,	it	is	likely	they	will	become	channel	heads	as	traditionally	defined	by	
Montgomery	and	Dietrich	as	they	develop	clear	banks.		It	is	already	accepted	that	“the	
location	of	the	channel	head	shifts	in	response	to	climate	and	land	use	change”	
(Montgomery	and	Dietrich	1992,	828).		In	areas,	like	Kalymnos,	which	are	already	noted	
as	particularly	susceptible	to	climate	change,	these	relatively	small	morphological	
changes	could	collectively	prove	a	major	concern	in	resource	management	(Kolokytha	et	
al.	2011).		In	addition,	if	these	ephemeral	channel	heads	become	channel	heads	as	
traditionally	defined,	they	will	become	subject	to	existing	legislation,	even	if	the	EPA	
study	does	not	lead	to	ephemeral	headwaters	being	legally	protected.			
	 Not	only	is	climate	change	likely	to	have	a	profound	impact	on	areas	of	
concentrated	ephemeral	flow	over	time,	but	it	is	also	likely	that	current	land	use	
practices,	such	as	logging	and	paving,	are	already	resulting	in	changes.		Channel	
networks	are	impacted	by	changes	in	vegetation,	increases	in	impervious	surfaces,	and	
groundwater	extraction	(Doyle	and	Bernhardt	2011).		As	a	source	of	stream	flow,	areas	
of	concentrated	ephemeral	overland	flow	are	inevitably	impacted	as	well.		These	future	
impacts	will	continue	to	remain	difficult	to	elucidate	until	further	research	into	the	
nuances	of	concentrated	ephemeral	overland	flow	brings	greater	clarity.		Given	the	
implications	of	the	EPA’s	report	on	legislation,	such	as	the	Clean	Water	Act,	locating	
ephemeral	headwaters	and	their	controls	is	a	crucial	first	step	toward	mitigating	
anthropogenic	impacts	on	these	water	resources.	
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VI	
CONCLUSIONS	
As	a	result	of	this	study,	it	is	clear	that	soil	quantity	and	texture	play	a	key	role	in	
the	type	of	overland	flow	found	in	a	given	environment.		Furthermore,	flow	type	is	
critical	to	the	location	where	ephemeral	overland	flow	concentrates.		These	findings	are	
in	line	with	those	of	the	Imaizumi	et	al.	(2010)	study	that	looked	at	sediment	supply	
rates	in	relation	to	channel	initiation.		Their	study	found	that	flow	types	were	the	most	
important	factor	in	driving	channel	head	location.		In	addition,	this	study	joins	Imaizumi	
in	answering	Dietrich	and	Dunne’s	1993	call	for	field	work	driven	studies	to	test	
“transport	‘laws’	for	runoff	and	sediment	transport”	(215).	
	 Based	on	this	study,	two	contrasting	relationships	driving	the	location	of	
ephemeral	flow	concentration	emerge.		In	the	weathering	limited	environment	of	
Kalymnos,	overland	flow	is	Hortonian	in	nature.		As	a	result,	as	the	soil	matrix	becomes	
less	permeable	or	disappears	altogether,	ephemeral	flow	concentrates	further	from	the	
drainage	divide.		On	the	other	hand,	in	the	transport	limited	environment	of	the	
Salmon-Huckleberry	Wilderness,	overland	flow	is	predominantly	saturated	overland	
flow.		In	this	case,	permeability	and	slope	work	together	to	determine	ephemeral	flow	
concentration	locations.		As	permeability	and	slope	increase,	there	is	a	corresponding	
increase	in	the	distance	to	drainage	divide	required	for	ephemeral	flow	concentration.	
	 In	spite	of	the	regression	analysis	accounting	for	about	half	of	the	explained	
variability,	it	is	likely	a	few	improvements	in	data	collection	will	strengthen	the	
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relationships.		GPS	points	are	likely	to	contain	a	significant	amount	of	error	due	to	the	
combined	differential	correction	and	multipath	problems.		In	addition,	the	basemaps	
used	to	calculate	the	distance	from	drainage	divide	to	these	GPS	points	are	of	relatively	
low	resolution.		This	challenge	with	remotely	sensed	data,	when	working	at	a	fine	scale	
is	not	unprecedented	(Barbera	and	Roth	1997;	Jaeger	et	al.	2007;	Placzkowska	et	al.	
2015;	Vogt	et	al.	2003).				Calculating	distance	to	drainage	divide	in	the	field	would	
resolve	both	problems	and	generate	improved	results.		This	recommendation	is	in	line	
with	that	of	Jaeger	et	al.	(2007),	who	suggested	that	in	spite	of	the	extra	work	involved,	
“field	surveys	may	provide	the	most	practical	method”	for	resolving	current	scalar	issues	
(784).	
	 In	addition,	flume	studies	that	allow	for	full	control	of	the	independent	variables	
would	permit	the	inclusion	of	precipitation	intensity	and	duration,	which	is	likely	a	key	
driver	of	concentrated	ephemeral	flow.		Given	the	range	of	variables	included	in	this	
study,	it	is	probable	that	nuances	of	precipitation	regime	primarily	account	for	the	
variability	not	captured	by	regressing	distance	to	drainage	divide	with	the	other	
measured	variables.	
	 Given	the	conclusion	that	flow	type	is	the	key	to	where	ephemeral	overland	flow	
concentrates,	it	is	likely	that	regional	differences	are	the	reason	for	the	divergent	
conclusions	of	existing	channel	initiation	studies.		This	would	not	be	surprising	given	that	
many	fluvial	processes,	including	channel	width	and	depth,	are	influenced	by	regional	
geomorphology	(Leopold	et	al.	1964).		While	such	models	could	prove	helpful	to	land	
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managers,	given	the	fine	scale	of	concentrated	ephemeral	flow	their	development	
demands	a	greater	focus	on	local	and	regional	variations	(Montgomery	1999).		It	may	be	
more	prudent	to	focus	future	studies	on	precipitation	regimes,	soil	texture,	and,	in	
transport	limited	environments,	local	slope.			Greater	understanding	of	regional	
precipitation	regimes,	as	well	as	how	they	are	changing,	in	conjunction	with	knowledge	
of	sediment	texture	and	quantity	could	open	the	door	to	the	development	of	better	
models	to	predict	the	location	of	ephemeral	flow.		In	addition,	while	creation	of	such	
models	would	incur	the	costs	associated	with	fieldwork,	the	results	would	be	highly	
accurate	and	not	demand	the	expense	associated	with	creating	specialized	very	high	
resolution	remotely	sensed	data.			
These	studies	would	then	create	the	opportunity	to	construct	mechanistic	
models	for	determining	the	location	of	ephemeral	flow	concentration.		Once	the	
location	of	ephemeral	flow	concentration	is	identified,	appropriate	land	use	
management	and	protection	practices	can	be	employed.		Knowing	soil	texture,	slope,	
and	precipitation	information	would	allow	managers	to	locate	ephemeral	headwaters.		
Taking	it	a	stop	further,	managers	could	input	projected	precipitation	information	to	
generate	models	depicting	the	changes	to	the	locations	of	concentrated	ephemeral	flow	
resultant	form	climate	change.		The	power	of	being	able	to	assess	climate	change	
impacts	on	the	origins	of	water	resources	will	likely	outweigh	its	expense,	particularly	in	
more	arid	regions	like	Kalymnos.	
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	 While	this	study	was	unable	to	develop	a	universal	algorithm	for	predicting	the	
location	of	ephemeral	flow	concentration,	it	sheds	light	on	the	relationship	between	soil	
properties,	flow	regime,	and	landscape	evolution	in	the	form	of	weathering	versus	
transport	limited	environments.		Furthermore,	by	using	such	distinct	study	areas,	it	
shows	that	such	a	universal	algorithm	likely	does	not	exist.		In	addition,	it	lays	a	solid	
foundation	for	continued	work	and	a	clear	path	forward	in	the	investigation	of	
landscape	evolution.		
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